In vitro endothelialization of small-caliber vascular grafts.
To establish the conditions for achieving immediate and complete endothelial cell coverage of the luminal surfaces of small-caliber (internal diameter:4 mm) vascular grafts in vitro, the attachment and spread of endothelial cells cultured from human umbilical veins to expanded polytetrafluoroethylene (PTFE) and knitted Dacron grafts was studied. Cell number was quantified by fluorescent measurements of deoxyribonucleic acid. The completeness of cell coverage and cell junction formation were assessed by means of both scanning and transmission electron microscopy. Cell attachment was compared after expanded PTFE or knitted Dacron grafts were precoated with gelatin, laminin, fibronectin, fibrin, or collagen, singly or in combination. Saturation cell attachment of 3.5 +/- 0.7 X 10(5) cm-2 was completed within 15 minutes when (1) type I collagen was used to form the substrate matrix, (2) human umbilical vein endothelial cells were suspended in phosphate-buffered saline solution supplemented with calcium and magnesium, and (3) the suspended cell number was greater than or equal to 5 X 10(5). In contrast, attachment to untreated or laminin-treated surfaces was 1.3 +/- 0.33 X 10(5) cells cm-2 and attachment to fibrin- or fibronectin-treated surfaces was 2.8 +/- 0.47 and 2.4 +/- 1.1 cells X 10(5) cm-2, respectively. However, to produce a confluent flow surface, the attached cells required several hours in culture medium to spread completely. Maintenance of confluent cell coverage on the graft surface for 3 days in vitro was achieved by means of continuous perfusion with oxygenated tissue culture medium RPMI-1640-HEPES supplemented with 20% fetal bovine serum. We conclude that optimum immediate confluent endothelial coverage of small-caliber vascular grafts requires a high concentration of cells, attachment to collagen-precoated grafts, and several hours of incubation in complete culture medium.